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Abstract 



An organic EL device has a structure in which an anode, a hole transporting layer, an organic 
luminescent layer, and a cathode are disposed on a glass substrate in this order. The organic 
EL device further has a protective layer covering an outer surface of the structure to protect it 
from an external environment. The protective layer is formed by an ALE method at a 
temperature lower than glass transition temperatures materials constituting the hole 
transporting layer and the organic luminescent layer 
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[0 0 57] -eLT. Il73(?-/b. Y&?/Z#^T'{i. A 

-;l^x.y5/g|I<:0;i?A'-u.yi;3R^^^:5rX3|ITO> ^ 
^^^ofi ACw iO^-^xUTDl St/^- ^ -y h D 

[00 58] {II2IIWE) h<I'6t\ li^. ALE 

<r)i^y v^ t-m.'th t . 6 mmmzwhw, 

[00 5 9] rcir. ^M16C^-r'g>m:^{i:. 
mizX'oxm.tmj6:ht. m^^crii,^M};^:htiz 

r)Vi3 'J ^^<^Xsijv XW^ ^ ffl t ^ ^ C ^ Cc i 



[0060] ^2^mmii. ±ism 1 mmm(>zM 
IX. mz. z(ommef,z^tm:h(7)ts\m^fm 

t^< . umm 6 (,zmtimmmmmrz^tfzi:>(7)Th 

-^^^^rzhcott^. 

[006 1 ] mm. ALEmizx^m^tifzAiiOi 

ALEmiMir^t-tR-O^il^Tif^tiiblfZ. Z 

(7)mm6\,z. N immmf^) mcom^ttzit^^jii 
:^mmmtLxMhiit(fZX^. mme<7)3\^m 

htihfzisbX'h6. 

[ 0 0 6 2 ] LT . ^cojEE:>ji^m^$:-^^rtl>^M 

me^ommi. ALEmzx^ummeco^m^mz. ^ 
mMe^mm-^t^m/f:^tti,i,z. mm^^tum 

[0063] mt^". ALE^tlJ: OA 1 2034^^3^5:^7 

mm^^tLxcoNmi'^'^^^'^^rzibi^zii. ale 

TMA^HiObthiZ. m:hmm:^XttXNH^'^N 

N H3 Uzi^^Ui. d:<0X 0 ^j:^:^mmt 

[0064] (DTMA^IA-*^^-i^'-*H20 + NH3SIA 

•t-f ^juTA 1 xo y N zm^^mme t txm^th 

tm. ®TMA^A-*^N'->''-H20^A-*>'N'-^'-^T 
M A^A^^ ^- x-^ N H3 ^ A^^ ^°- 'J^- ■■t^^-otz-^ 
-i^fVX'A IzO^mtA] NM^^mz^^L. AI2 

o^+A\Ncommm^mm6tLxmm'^if&. 

a>TM A^A-*^ s"- y-*H 2 O + N H3 SA^>' ^- x-*- • ■ 

-i-'-*NH33IA-*>'^->''-*-S:mMW^ ^fi^m 

jRL. A I xOyNz+A 1 ncomM^^:^W§e bl 

xmm-ium. 

[006 5] zcoxot,zALEmizx^i6:^mm^m^ 

^W§tiT^I)^M6i: ttti, ±Wf&0<r)Xol^z 

^tix^^^j§tixm^^tix\^xi>Xi^t/^. ±mm 
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N) tmmm^^^'t^l^j:^^ (AI2O3) 
[00 66] Clif. TMAtNH3<7)^tEtCj:SAl 

[00 6 7] t*^L. Al xOyNz^Al N(i. -ecO 

^<r>^k. A 1 xOyNz^A 1 ^^^-^h^tt^ 
[00 68] A 1 xOyNz^A 1 m^m%5 

mtLW ^(^m^U. ALE^CiSV^Tti. NH3 

[00 69] tfz. %mM^bLXA \ xOyNzJi^ 

mm-h^iz\i. mme^mm-hmAif:^tLx 

/i^r/i-^^i^^ju ( (CH3) 2NA1 (CH3)2).i/> 
f-/i-rsyi^'X'^;pr;i^5-'>A ( (CHg) zNa i 

(C2H5)2), hU^^/PTSy-T/PryAl H3 : 

N (CH3) ^m<nr^yriv^}vmMn'^. i^^^fv 
r)V^=^^j^r'JY ( (CH3) 2A 1 N3) , 
T)v^r^^M.r'J\^ ( (C2H5) 2A 1 N3) m<7^r'j}^ 

[0070] <X\,Z. IS^$ill>^>OTii'SrV^*\ 

^com:hmmmic-:>\^xm:Lfz-^^7F't . * 
tLxNHz^xi:m\i^x mm ettx 

[007 1] tr. m^Uz^^'yxmtl OSmmX 
4 5mm) ^Ki^mzTJxtz^ ^^O^lS^^ 4 0 P 
J^^O^^t::L. N2;yx^4 00sccmigJgcfiL^Ai 

mmi^m^x. mi^m^ 1 3 o-az^^^^t 

fz. ^<m. TMA^J[S1£»;KWP[^CT2 8X:. HjO 

^mm^Y)vnzxmL{2Ax:) tc^s^^u. mett- 

^-fL^-^, =^r-vUr;^XT'$>l>N2;yx (g£fi4 00s 
ccm) RiESr^AU^c i^^vT, NHg^yx 



ijX {crLt3 90sccm) i: S^i^y^L^r^^^^SIB 

[0072] U,m^^iiX<mK\mn);. 0 tfro 
Jt. tr. 5v^I:TMA5:0. 6li?#AL3tia. ^'^-Vi: 

LTN2;^'x$:2. Afmxuz. ^cotk. nmz. ^ 

^tH20?rO. 6#\ N2A-->?;{fx$rl. NH3 
0^\ N^J^->^^'X^2. mixmA 

A-^VN-i^^N H3^A-^>'^•'->'W^ ^J^yP^ 5 0 0 0 

5 0-3 OOP aVh 0 . mi^miij^w^<^\:--^ 

twJ;oTl 3 0X:(Ififel^t;t« 
[0073] ^*«^T t)tf*ti. N2;5r;^$-4 00s 

'az^j:^fz^.^xEm^^i^f^zL. mmi^mni 

Uz. ^^iM6i:LT. ^I^j4 3 0nm 

<7)A\K0yNzm^^^i^fz. -ecomtiRBS (7 

^yt-YmmLm) a i : o : ncom^s 

Jt(x:y:z)r. 6:8: IThh^lttmt^h 
tltz. 

[00 74] /fyxmsLi\fzmh^m^k<7)^ 

m (KOS) t^h. S9tC^t^(C. :La)A 1 xOyN 
zJKtcJ:l)JE:^ifi:. I^jl 1 OMP a<7)^|o5iOlE:^T'$> 

10 or. TmA-\-H20\,zXhAl.RmxB^^tifz 

]ili4 0 0nmC7)A I2O3JI ( _tiB0 3 ^OJ^^^^^C J; 

OMPaT'5l-?5SOJEB:^7^^t-, fiD^S). ^mm^iZ^fi 
tf> fi^^6tcfe:f]|g«^^-e&^NS:»-tl)Ci:t= 
J:"?. «^16t:^-t4gi-:)?iOlt:^j:i^ftr^SC 

kmmx^tz. 

[ 0 0 7 5 ] ta^oT , *^M?^®<7)i45:'3^W^^^^W 
-ri)ftiIl6$r®fflL/cHl'^EL^^tCj:n{f. 

^"^mt \^'yfzm.m^cr^w^^m±.th ztt^x 
mm6mi^i^2'-'5i,zMtmmm. 

[0076] if^smmmm) ^msmmmh. ±is 
m2mmmtmt<. mmei^zm-tim^mm 
Lxnmcommmm^im ttimm e.i:mt 
^ii<7)xhh. ±s^2mmm^i. mmmeizji^iim 
mm^^^^^t^t\^om^i,zm-:^<i:><oxh^fz 
*\ ^mtmrnii. ^mme^. :s.\>Hzp^mzm.i-6 
m^m^^hmmmixtc^i^cott. ^tnzx-? 
X. ^mme^. }mmMm<f^:hmmi-m 

'ttt^t\''^o^t.zm^<i,<r>x'hh. 

[0077] Mi^mzii. ffi^Ji 6 A L EjSCfctt 

mmm^:s.^Hzm^j:^'tizbTmcom^j:m^ 
mmtfzm^tt^. ^<nt^. mme^zh\^xki. 



[00 78.] Emm:^ (OT. mmmi>z~ (^^i- 

m^Lt:t^. ^mme{z^^thm:^ti<mx\ m 
[00791 mmt ixmt^j:^i^. ummz. -e^o 

^m:hii-l SOMPa-l 50MPafS)l><r<b:{?^'II 
tl<. ^i^i^zWm. -50MPa-50MPaT'^b 

mi^±<7)rAj&m(^^m^n^^^^(>z^Mt^ct 
x\ m^zm-mmmx^^^wti}iiimn<om^j:h 

[0080] TMAi:H20;tf'4,ALE^iIJ:'9TA I2 

Oi^mttm^^mi>ztti{f. mm^^ mms, 

jg) mtif3ovij^^8 0'cnmc^m^izt6^t 
i,z^->x. m^comam. 1 oo-o x^m^ 

::tt^x^6. ^^(>z. mitEm^:^XhmzO<7)m 
*^fi^. mx.mAmmm.<i-i>^j:h:LX'y^j:< 

[ 0 0 8 1 ] C^T. ^iaSSrW-g* tmi^coi&m 

^mtiimmzm\i^iti:ittK'^h. z,dix^ 

^Ll^^Xmt^^^t^ii'fXh^. ^tilfZX'oX. 

[0082] :L(n^n^xmmm\iZ^mti:ij<D^£<r> 
x\ M.Rmmmx'hhwmm^ xjmm'hii 

^<D}Lmi'z\xrmzmmLfz-Ht^^^\ ^<oi^^ 

x\ ^-^j^^[^xmmmzALE^M:^-\ttiim\^\ 
[0083] ztihmKc-^fzmxm-^tifzm^om 

\>^imiimmmtmi^-^h^. i^^ttxmMs^ 
[00 84] tfz. ALEm(fZX^2mvxt(7)umme 
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iOimtm^^h'txij^^\ siOgji. mm. 
s i c 1 4 mi^mm^^it-^-^fz/f^ tHtOt 

h^tifZii\.^x . loo'cmmmwmmtttiii. si 
Ozmmi^zc 1 mcm^7tmij^^<^^^fz^. 
imx^h. 

[0085] mz. m^-^ti6i:>coxit^j:\^^f)\ ^mm 

m) ^#,^tT. xDM:mi,z^^^. ^ti^^mtm 
t'ti. :^'yxmLi(^,i^^m\'\ ^<^±f>zmm. mm 

[00863 cm 1 mmm] ^mvit. mm e izm 

mi^^ ^^-r 6^ti^zX'^x:s.^^ i>zm ^^it^^ 
fzm. mmLfzm^^^th<7yxhh. mi ou. 
M.mifzm^um e m^ism^^'txn<7)mmx 

[0 0S7]m^lfz:^'yXmm.l (35mmX45m 
m ) ^RjS^tcAix. ^c^^m^^: 4 0 P anm(OM^ 

MA^mm^^h)umzx28x:. HiO^wm^^Vfii^ 

cxmis^ ( 2 4-c) izmt. i^ETx-mt^-^. 

Xo\,z\^X. ^^')ri^XX'hWii^X (5£ft4 0 0 
s c c m ) H J; 0 . RJCr^A \.fz. 
[0088] m-fbTMA^O. e^^AUcft. 
)^-l>>LLX^zi1X^2. A^mX^tz. ^com. H 
mc^-fbHaOSrO. 2^\ N2^^->'';i^:^lr 2 . O^^iO 

;<r;^itAB#fa (>'NVUx^) tcT3IAL;t. ccotma 

#A-^A'-i^'-^H2 0#A^>'^->'W•< ^)\^^3 0 0 

15 0-300? at'^) 0 s S^iS^ii^^E^f^cOt- 
:5'l3j:oT5 0'Ctcm}^t^.:o 
[0089] fcOf^. N2;^'X$'400sccm#AL 

mi^^5 0'ccr>t^t^m(ojv]^xm^iizx. ruAm 

^^y^•_i;_H^ 0#A-^>'N-i^W-< ^/PS: 2 0 0 0 

iifX^400sccmmXUj:'^h. JifcS?^fiISrtTV\ 
S«ia«*«7 0r(c^-5fci^ji^'C^iFSr::k^(c 

^Ml^rBXOffiL/:!, 

[0090] ^tiizx^. ^mmetix. mmm:^^^ 

3 20nmm l 2 03^*^'^#^>ii/::. tfz. ijvxm. 

\iz. ^m<n^mm (a uog+A I2O3) e^o^is^j 
ii, mi4omvB.(n^\^W)m\xhhc>Lifmi^ 
fi. m^\%mmiZ7h^ixfzA\^o^m (±1013 
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[009 nt^ot. _LidmiMiEi?iicft^$ii&j;d 

isjg 1 0 o^'Gvikm^uzA 1 2 o^m^^mmmm 
[ 0 0 9 2 3 ^LT . m^mmmifzx o . mmm 
i^m:nmmmt. mmmzmhm^m-\^t^j:^ 

mmm<7)Ui,zx. mi^m^T^ ^(rtx-idz^x-ik 

I. ^(T^fz^. ^mme^z%±-th]Bi^^m.n\^x^ 
mc^^^mmi^m.Lfzu.m.me^mm-h:i}ii)^ 
mm6(Dim.W2'-'5izmhWMiSL^. 

c 0 0 9 3 ] [m2imm'\ mme\.zm 
hm^^mmti:hjm±^ . :s}i^zmmmx^m 
h::b\,zx->xwk'^^mt^^ttzm^:f^^ti><nxhh. 
mi 2ii, ^^dmm\.zmh%mm6<nmmim^7vit 

mrnxht . imLfzm XW&l (35mmX45 

mm ) ^U-^W^zMl^ ^<r>m^W'k 4 0 P a^c7)W 

1 ^imLmWS^J^^ 1 3 0"Ctc^^$-<i-;^c, 
[0094] ^(r)tk. S iC hfectl^HjO^ra^KH 
/H^t^rr^-fL^-tt. d^cTiXo^zLX. ^-rUr;^;^T'^> 
SNa;^^ (gE[fi400sccm) tcJ:Os RJE5^^^ 
5(cai:AL:t, Sv^S i C 1 4$: 1 . O^^AL:^^. 

u-^ivxmm) \,zxmxLtz. z(r>s i c i^mx-*^-^ 

H 2 O ^ i/'0'<^>f ^^1-^2000 0^0 

jgL. «^ffV\ S i OgM^fiJc^Uc. 
[0 0 9 5] ^com. N2;yx$'4 00sccm^AL 
S^iSJg^l 0 0rtl^^$-t*-/c. ^c7)f^. T 
MAiSj:X/H20i:Wm^^hf]^mzX^it^^. d:coX 

offZtx. ^^^)rifxx'hhntifx (5£fi4oos 
ccm) Hcto. ujm^-^mzmxLfz. 

[00 9 6] ^^tTMA^rO. em^XLtzik. Ni/f 

0. N2/N->'';yx^2. o^^m^xmx^^ 
(/NVwxB^) izxmxuz. c:c7)TMA#A^A-->; 

^HzO^A^^N-^-'W^ i7;U$r 2 0 0 00^03^ 

L. «^^tv\ s i 02i^i7)±cA izO^m^m^i 

tz. ^^ti^mtfzmt. Ni/fXirAOOsccmm 

fz^^T^^^i^i,zL . m^i^m i^uz. 
[00 9 7] ztiizx^. ^mmettx. mmo 



nm<7)S i Ot^tW^f^l 60nmC?)A IzO^mtCO 

m{^^&) t-h.- m 1 3\tZ7rctmz. ^<r>mm ( s 

iOz+AljOg) 60^^:^ti. |*?5 0MPa<^)5lo 

^^lytiA 1 20z^ m3(r>xmzxm^^fitzi:,<^) t 
[00 98] t^oT. iMm2mm\<zim^rLhXo 
LE^t::j: h 2mi^}±(7)mme -^nmmxmmh 

^b\,zX^. -M^^^z^n^%tfzmnmtX^j:hm. 

m 6 m^th c t i^x% h fz^ . mm^zm-nmmi 
[00993 }Lt^2^mxu. mwm 1 3 ox:t' 

5feCB^tfcA 1 2 03]^;{^^'#IE:>]^M. mwL^m 0 
Ot:T1^ti?g^UcS i O2)^;!;%:^^Mi:^0. 

ii«s2'-5tcJttl>1«^M14^. J:0?KM±$1^:^>c: 

[0 100] (m4llM?^®) lll4t:3|c^0^i?D^4|| 
m^tCf^SiTOE l.n=f-2 0 OcOSP^6^^itB&Mti 

OJ^^^ifl/c/i (ALElhV^o ) eat. ALE^i: 

itm^^hismi^zxr^m^^fitzm (^AtEiiiiv^o) 

[0101] ^mx\t. ffi^eti, ^$il[nmH@:+ 
nin(7)A 1 2O3 J: O'Sr-SALESe atJi$iitnmHS 

+ nmOC VDiStCj; D?^^$il/cA 1 2O3 i 
ALEii6b^;6^'^St;:m^^l^ci>OT$)^, ^^X\ 
ALEii6 a:<j^'1fjti*:2-5cOS±tim$il. #AL 
Eli6b*<ALEl6aO±(Z?^^$;fL. li^3C 
St^m^^iiTV^^, ^ri>. li^0yT'(i:4^/;:>'lia:ti 

[ 0 1 0 2 ] <5ctc:. ^mmm(7>^m^mmm\iz 

mmtcmm^tmxhh. ^co^^^a. ^-r. 

ALEatCj:0ALEii6at'^|,A IjOsl^^?^^ 
L. ^V^T, Rt^lf^tlT, CVD^CiO^NALE 

[0103] 1 o\±mt\txTyvxmx 0 
^jtSf^mitcoE^Tj) 0 , 1 1 

tr>i^if^X\^h. ^LX. M^^l 0<r>nmt. 13^ 



CO 1 04 3 ESMi oc^i^mzii. mii^^:$^ymz 

1 3 ^ ^mt^ ^ t TV i^coim^'ij 3 J; 5 tc^ o T 
[0 10 5] tfz. Kmmi 2F^^TMA;^fX. H2O 
I)#iei^mi4. 15. 16. 17*iigtt^>iXTV^|», 

■C'^>0> TMAEl^^l4l;:J;-oTTMA 

C 0 1 0 6 ] 1 6URm^Xhm2 Oi^X(n 
^1 5tc:J;oT^^-i^';<f;^^^Ucflfc. ^Ml 2f^^ 

tw. ^#1-|)H20;<?"j:^^^i^-g.7t:^C7)y\-i;;<^";^t 

LT N 2 iix^m-fMzmm- h . 

[0 107] ^^<bTMAidl^^l4. 7KE^^1 6. 

#N2;^;;^E^i^l 5. 1 7fi#^, Ii^t^v^$}J^^0 

[0 1 083 f tr, #id^^i4-l 7i7)y<;i/y{i. 

iltzioT, RIS^I 2^cO;^'xmi:..TMA. 

X) (D\mz. W'0mx^Kiz^ik^ti6Xdl^z^j:^X 
i^l>, ^:±5. 12^^14-1 7{i. m^glOSrSilL 

T inmmtmmmmt^j:^x\>^h) . mm<07i(j\.h 

mftzx^mb^i 2cmt^^tix\>'^i. 

[0 109] ttz. m^i 2mmz^i. mmm^ . 

^tihmmi:^yxmmm) i8mmt^t.-:$^m 

i^^mtmmizmmmi^2-5 txm^^titztf 
yx^m^zn'^thi:^cox'hh. mit^jvyi 9\t. 

\,zi^t\m^Wk^ 0 \iZi^-x^-9^m\mfzh<7> 

[Oil 0 3 Hi::. WE^s}v^i 9ti. wmm.^m^ 
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imMmHmzi->xtwmM<^m^m^^ni'^r>. 
mi.is^nm(^^\.ztm^mttc->x\-^h. tfz. 

[01113 M^mjmmzio\f^xit. tr. m^i 
s^t-^mmmt^)i'i$^i9i,zmm.mmL. Mmmi 
o^mtx. i^-^^y:$^i3c7)m^'fy-^KJBmi2mzm 

T'tilOO'C) tX\ mLlB^Wm)V^l9liZX 

[01123^1 Simm(7y%^ mL\ii 1 0 O'C ) 
\tZmLt:h. TM Ageism 1 4 3&>/^>TMA;ifXS:SJE5^ 

1 2(cM»)jitfo ^co^m^A. m. TMAmm 
4 bimm(>zhhi^^r 1 3<r>mm^t:m'mm'rt 

U':>z.bt>^X't. mmi sizTMAt^-mrsmm't 

^cr>m. i^A-'y^ 1 3^^^tCLT. TMA^iM 
N2:^'X^^^1 5 X^N2:^X^m-ZtiZ^^ . 
mi 2l^(cSfltl>TMA;(fX$rliitl>Ci:3&^'t'S 

to 

[0 1133<?:tC. H20:^Xt:ym*^mei)^hmti 

mi 2^3Moatf* ^<r>m^. m. im^me 
h\mm^zhhi^^-/^i 3<mmj^^mm\m'h:i 

b^zi^. 1 2 p^<r)im%E^-^^zi^-o^ h ^ 
T-#. mmisiz(^mLfzTUAtKi^^-txA\20^ 

^li5Ml2rttcSW-ri>H20$r^i 

[0 1143 CKJOidtCALE^tlct-S^-f-^^/P 
{TMAgiA-^-'N-V'^H2 0aiA-*>'N*-i^') ^mSfJO 

mmi^zmt^txi^^mL. iia<7)ALEii6a^j^ 

z.ricm^t6h<^xii^j:<. misrchx^\ 

CO 1 1 53 tt. TMA^r^-fbtT. ^cr>:^'X^TM 
Am'§^14i)^h^mi2\,zm^ilt^. ^(OTUA/f 

xco&mmthttuz. rMAEf^m4tii.mffZ 
hhi^^'-7^i3<7)mmmt:mmLx. mmi2m 

ui8(,z\i&mthco\ti>tx^. mmi smmi^zm^t 

CO 1 1 63 ^(Dtk. ±i5>^^>y^l 3$:^^tcLT. 
TMA^ifflNj^yxiei^^ 1 5X^mm:^'X^mZ 
tm<. H^O^^itbX. ^C0:^'Xi:7mW^iei)- 

h^mi 2i,zm^oLt^. ^otht. m.is±iti> 
tx^. mwLi smmcomxhTMAtHiO tifR 

j^lX. A\20i^:mm-^Zti)K't^h. ZoLX. 
mmSI,Zi5i^XALEm6a±\fZ. ^jpALEMShip 



c 0 1 1 7 3 z<7)Xd\iz. ^m^m(>zxti{£. ^mM 

(,zX^^^tifzi^ALEM6bt (T^m^^^h^tlZ X 0 

mLEmeb^im^^m^^t tx^Mtimm^ 

[0 118] ALEMea(0^^^:hUlOOXM&<^ 

imc^tx h . mnt4 0 0 n m<7)m^Tm s o 

MPaLifZ^j:ht/i^ CVDWiifZX^^^tirz^^ALEm 
-oX. ALEme ati^ALEmehbcO^M^Xr}^^ 

^^mme^ii^<D^fbtiii. mni4oonmcom^X' 
isoMPsLumiz^ttztm-'^t. 
[0 119] tfz. m:hmmmtLxmm-mALE 
mebii. m\^c\^^xmm<7)^\^mt^j:hcoxi^mii^ 

^mmmcomsiE l^^ 200 i^zxtiii. ^ 1 e 

ii^fiZ. nALEmebttZ:/^^<Uy>^-mKi^}::y 

C7)m.±^mmt6 ALEMe a.(omm^^^^^^fzi!b. 
mzn'thm.mmmm^j:^^ 01 eti. ±isii 
2 i,zi5 V }x mm 5 ^mmmi^zi^i^ uzmmmx- 

10 12 0] x-^x. :^mmmm^zi5\,^x . ^mme 
irzm.i- m:h^tmix ^m(7)mmm^^ m. 
Ltz^m 6 ^:mmt^ z. t i^x-^ . %mm e mm^ 
2-^-5 {zmtmrn.^. x^vm^z^i.^^^^tt'^ 
X'^h, ^A>iz^ :mwmmirzxtii^. mMe<o-^ 

t:^!^\y-hcr)Tgi-^CVDmi^zXK>B^thfzib. 

meco:^^t:ALEmi>zxmmt^.^izitKx. 

[0121] (^5mtmm.)mi7irz:^mc7^m5m 
mmifzgith^mE Lm^3 0 ocommmmmm 
^ (±wi 6i,zMj$iLtzmm) ^-^-r. ^mmm 
ti, ±m^4mi&jmi^tfzi><ox\ 3^4mmmm 

tit. mjtf4s2-5{cm-|>ALEl6ai:^NALElg 

sbcTimmm^mzifzijcoThh. fip*>, mui^z^^ 
i-mi^z^ ^^ALEmebi)m^ikm--5<DmLi<zm^-^ 

tl. ALEme 3it<t^ALEM6bC0±l>ZB^^tLtz2 
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Summary. 



(57) [Abstract] 

[Technical problem] Inter-electrode [ of the couple which counters mutually on a 
substrate ] Is equipped with the structure which has arranged an organic 
luminescent material, and the covering nature to the structure of a protective 
layer is raised in the organic EL element which has the protective layer which 
covers an organic luminescent material to the outside surface of this structure. 
[Means for Solution] Organic EL element 100 is equipped with the structure 
which comes to form an anode plate 2, the hole transporting bed 3, the organic 
luminous layer 4, and cathode 5 one by one on a glass substrate 1 , and has the 
protective layer 6 which covers the outside surface of this structure and is 
protected from an external environment. Here, a protective layer 6 consists of an 
alumina film with which membrane formation temperature was formed by the 
atomic-layer grown method at low temperature rather than the glass transition 
point of the hole transporting bed 3 and the organic luminous layer 4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The organic EL element characterized by having the protective layer (6) 
which is the organic EL element equipped with the structure which has arranged 
an organic luminescent material (3 4) between the electrodes (2 5) of the couple 
which counters mutually, and covers the aforementioned organic luminescent 
material to the outside surface of the aforementioned structure, and forming this 
protective layer of the atomic-layer grown method on a substrate (1). 
[Claim 2] The organic EL element according to claim 1 characterized by forming 
the resin film (7) which protects this protective layer on the aforementioned 
protective layer (6). 



THIS 



[Claim 3] The aforementioned atomic-layer grown method is an organic EL 
element according to claim 1 or 2 characterized by being carried out at the 
membrane formation temperature below the glass transition point of the 
aforementioned organic luminescent material (3 4). 

[Claim 4] The aforementioned protective layer (6) is the claim 1 characterized by 
the layer from which the stress mutually generated inside differs being the thing 
which comes to carry out a laminating, or the organic EL element of any one 
publication of three. 

[Claim 5] The layer from which the stress generated inside in aforementioned 
each other differs is an organic EL element according to claim 4 characterized by 
being formed by changing the membrane formation conditions in the 
aforementioned atomic-layer grown method mutually. 
[Claim 6] The aforementioned protective layer (6) is an organic EL element 
according to claim 1 or 2 characterized by containing the stress relaxation 
component for easing the stress generated in the component which constitutes 
this protective layer at this protective layer. 

[Claim 7] The aforementioned protective layer (6) is an organic EL element 
according to claim 6 characterized by the bird clapper from the structure where 
the laminating of the layer containing the aforementioned stress relaxation 
component and the layer which does not contain the aforementioned stress 
relaxation component was carried out. 

[Claim 8] The organic EL element according to claim 6 or 7 characterized by 
forming the aforementioned layer which contains the aforementioned stress 
relaxation component by using the gas containing the element component which 
acts as the aforementioned stress relaxation component with the material gas 
which constitutes the aforementioned protective layer (6) at the time of 
membrane formation by the aforementioned atomic-layer grown method unlike 
this material gas. 

[Claim 9] The gas containing the element component which acts as the 
aforementioned stress relaxation component is an organic EL element according 
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to claim 8 characterized by being gas of a nitride. 

[Claim 10] For the layer (6a) formed of the aforementioned atomic-layer grown 
method, and the aforementioned atomic-layer grown method, the aforementioned 
protective layer (6) is an organic EL element according to claim 1 or 3 
characterized by consisting of combination with the layer (6b) formed by different 
method. 

[Claim 1 1] For the layer (6a) which was fonned in right above [ of the 
aforementioned structure (2-5) ], and was fomned of the aforementioned atomic- 
layer grown method, the layer (6b) formed by different method from the 
aforementioned atomic-layer grown method is [ the aforementioned atomic-layer 
grown method ] an organic EL element according to claim 10 characterized by 
being formed on the layer fonned by different method, 
[Claim 12] The layer (6a) formed of the aforementioned atomic-layer grown 
method Is an organic EL element according to claim 10 which is formed in right 
above [ of the aforementioned structure (2-5) ], and is characterized by fonning 
the layer (6b) fonned by the way the aforementioned atomic-layer grown 
methods differ on the layer formed of the aforementioned atomic-layer grown 
method. 

[Claim 13] For the aforementioned atomic-layer grown method, a different 
method is the claim 10 characterized by being CVD, or the organic EL element of 
any one publication of 12. 

[Claim 14] For the layer (6a) and the aforementioned atomic-layer grown method 
which were formed of the aforementioned atomic-layer grown method, the layer 
(6b) formed by different method is the claim 10 characterized by being 
constituted with the alumina, or the organic EL element of any one publication of 
13. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention equips inter- 
electrode [ of the couple which counters mutually on a substrate ] with the 
structure which has arranged an organic luminescent material, and relates to 
organic EL (electroluminescence) element which has the protective layer which 
covers an organic luminescent material to the outside surface of this structure. 
[0002] 

[Description of the Prior Art] Generally, an organic EL element equips inter- 
electrode [ of the couple which counters mutually on a substrate ] with the 
structure which has arranged an organic luminescent material. However, an 
organic luminescent material is deteriorated with the moisture in use atmosphere, 
the field non-emitted light is formed in the original luminescence field in the 
structure, and aggravation of display grace is caused. To this problem, by JP,7- 
161474,A, inorganic amorphous **** which consists of the carbon or silicon 
formed by CVD (chemical-vapor-deposition method) is fonrned so that an organic 
luminescent material may be covered to the outside surface of the structure, and 
using this as a protective coat is proposed. 
[0003] 

[Probiem(s) to be Solved by the Invention] However, according to examination of 
this invention person who followed the official report conventionally [ above- 
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mentioned ], since the conventional protective coat has the inadequate covering 
nature to the structure, the resistance over moisture was low, and when it was 
made to operate in high-humidity/temperature (for example, 65-degree-C, 
95%RH) atmosphere, it turns out that the field non-emitted light occurs. 
[0004] Then, this invention equips inter-electrode [ of the couple which counters 
mutually on a substrate ] with the structure which has arranged an organic 
luminescent material in view of the above-mentioned problem, and it aims at 
raising the covering nature to the structure of a protective layer In the organic EL 
element which has the protective layer which covers an organic luminescent 
material to the outside surface of this structure. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
in invention according to claim 1 to 14, it is characterized by being the organic EL 
element equipped with the structure which has arranged an organic luminescent 
material (3 4) between the electrodes (2 5) of the couple which counters mutually, 
having the protective layer (6) which covers this organic luminescent material to 
the outside surface of this structure, and forming this protective layer of the 
atomic-layer grown method on a substrate (1). 

[0006] Since an atomic-layer grown method (henceforth [ with this column ] the 
ALE method) uses reacting on the front face of an organizer-ed, it can form a 
uniform film in accordance with the shape of surface type of an organizer-ed. 
Therefore, the protective layer formed by the ALE method becomes what has the 
good covering nature to the structure compared with the film formed of the 
conventional CVD etc. Therefore, according to this invention, the covering nature 
to the structure of a protective layer can be raised. Moreover, if the covering 
nature to the structure of a protective layer improves, since it can do that the 
resistance over moisture is also good, it can prevent that the field non-emitted 
light is formed in the structure of moisture. 

[0007] Moreover, in invention of a claim 2, since a protective layer is protected by 
this resin film, even if it makes a protective layer thin, the resistance over 
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moisture is securable [ it is characterized by forming the resin film (7) which 
protects this protective layer on a protective layer (6) according to claim 1, and ]. 
And that a protective layer can be made thin can shorten the membrane 
formation time of the protective layer by the ALE method, and it can raise a 
throughput. 

[0008] Moreover, in invention of a claim 3, it is characterized by performing the 
ALE method according to claim 1 or 2 at the membrane formation temperature 
below the glass transition point of an organic luminescent material (3 4). If the 
temperature at the time of membrane formation of a protective layer is larger 
than the glass transition point of an organic luminescent material, although an 
organic luminescent material in the structure which is a ground may crystallize 
and luminous efficiency may fall during membrane formation of a protective layer, 
according to this invention, such a problem can be avoided and an organic EL 
element with more high luminous efficiency can be offered. 
[0009] Moreover, in invention of a claim 4, it is characterized by coming to carry 
out the laminating of the layer from which the stress which generates a protective 
layer (6) inside mutually differs. Usually, since the protective layer formed by the 
ALE method starts a volumetric shrinkage at the time of membrane formation, 
stress whose protective layer itself shrinks may occur and a crack etc. may 
generate it in a protective layer. Since a protective layer consisted of a layer from 
which the stress mutually generated inside differs according to the point and this 
invention, it should be formed with the film (stress relaxation film) which stress is 
comparatively low and eases stress for a protective layer, and the film (non- 
stress relaxation film) with which stress cannot ease stress comparatively easily 
highly. 

[0010] And stress can be eased with a stress relaxation film. Moreover, about 
this point, although it tends to become inadequate [ the covering nature to the 
structure ] since it usually turns into a film with many internal defects etc., since a 
stress relaxation film can secure covering nature in the direction of a non-stress 
relaxation film with few internal defects, it is OK. Therefore, the protective layer 
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which eased the stress generated in a protective layer and reduced the 
possibility of the injuries on a crack etc. can be realized, and the effect of the 
Invention of a claim 1 - a claim 3 can be realized more In a high level. 
[0011] Here, the layer from which the stress mutually generated inside differs 
should be formed by changing the membrane formation conditions in the ALE 
method mutually (invention of a claim 5). Since membraneous quality is 
changeable by changing membrane formation conditions (membrane formation 
temperature etc.), the stress relaxation film and non-stress relaxation film with 
which stress differs mutually can be formed. In addition, the same material or a 
dissimilar material is also available in a stress relaxation film and a non-stress 
relaxation film. 

[0012] Moreover, in realizing the protective layer which eased the stress 
generated in a protective layer and reduced the possibility of the injuries on a 
crack etc., it is good like invention of a claim 6 in the component which 
constitutes this protective layer for a protective layer (6) also as a thing 
containing the stress relaxation component for easing the stress generated in this 
protective layer. The stress generated in a protective layer by making stress 
relaxation components (for example, N atom etc.) contain is eased, and since it 
is avoidable that the injury on a crack etc. occurs in a protective layer, the effect 
of the invention of a claim 1 or a claim 2 is more realizable in a high level. 
[0013] Here, as a protective layer according to claim 6, although a monolayer is 
sufficient, the laminated structure which carried out the laminating of the layer 
containing a stress relaxation component and the layer which does not contain a 
stress relaxation component like invention of a claim 7 is sufficient. According to 
it, the layer containing a stress relaxation component functions as the above- 
mentioned stress relaxation film, and since the layer which does not contain a 
stress relaxation component functions as the above-mentioned non-stress 
relaxation film, the same effect as invention of a claim 4 is acquired. 
[0014] Moreover, the layer containing the stress relaxation component in 
invention of a claim 6 or a claim 7 is made with what was formed by using the 
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gas containing the element component which acts as a stress relaxation 
component like invention of a claim 8 with the material gas which constitutes a 
protective layer (6) at the time of membrane formation by the ALE method unlike 
this material gas. The gas of the nitride which specifically contains a nitrogen 
element as an element component which acts as a stress relaxation component 
can be used. 

[0015] Moreover, in realizing the protective layer which eased the stress 
generated in a protective layer and reduced the possibility of the Injuries on a 
crack etc., it is good also as what constituted the protective layer (6) from 
combination of the layer (6a) formed by the ALE method, and the layer (6b) 
formed by different method (henceforth the non-ALE method) from the ALE 
method like invention of a claim 10. 

[0016] The membraneous quality of a mutual layer is changeable with it, and 
since the layer formed by the above-mentioned stress relaxation film and the 
non-ALE method in the layer formed by the ALE method can be operated as the 
above-mentioned non-stress relaxation film, the same effect as Invention of a 
claim 4 is realizable, furthermore, if it considers as the effect of the invention of a 
claim 10, since a part of protective layer is formed by the non-ALE method, 
compared with the case where all of protective layers are fomned by the ALE 
method membrane fonnation time is comparatively long, it is also possible to 
shorten membrane formation time 

[0017] Here as a combination of the layer (ALE layer) formed by the ALE method, 
and the layer (non-ALE layer) formed by the non-ALE method It is good also as 
composition which fomned the non-ALE layer (6b) In right above [ of the structure 
(2-5) ], and formed the ALE layer (6a) on it like invention of a claim 1 1 , and like 
invention of the reverse 12, i.e., a claim It is good also as composition which 
formed the ALE layer (6a) in right above [ of the structure (2-5) ], and formed the 
non-ALE layer (6b) on it. 

[0018] In addition, the sign in the parenthesis of each above-mentioned means is 
an example which shows a correspondence relation with the concrete means of 
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a publication to the operation gestalt mentioned later. 
[0019] 

[Embodiments of the Invention] Hereafter, the operation gestalt which shows this 
invention in drawing is explained. In addition, in each following operation gestalt, 
the same sign is mutually given to the same portion among each drawing. 
[0020] (The 1st operation gestalt) Drawing 1 is the fragmentary sectional view of 
the organic EL (electroluminescence) element 100 concerning the 1st operation 
gestalt of this invention, and drawing 2 is the whole **** organic EL-element 100 
outline plan from [ in drawing 1 ] arrow A. In addition, drawing 1 is a fragmentary 
sectional view in alignment with the B-B cross section in drawing 2 . 
[0021] 1 is a glass substrate, on the flat whole surface of this glass substrate 1 , it 
consists of transparent electric conduction films, such as an ITO (indium tin 
oxide) film, and the anode plate (lower electrode) 2 which functions as a hole 
pouring electrode is formed. As shown in drawing 2 , the anode plate 2 should be 
formed in the shape of [ which is prolonged in the x directions by carrying out 
patterning of the ITO film (150nm in for example, thickness) formed by the 
spatter on the substrate 1 by etching etc. ] a stripe, for example, the band-like 
thing of 500-micrometer width efface should be located in a line in the shape of a 
stripe at intervals of 50 micrometers. 

[0022] On this anode plate 2, the hole transporting bed 3 and the organic 
luminous layer 4 as an organic luminescent material as used in the field of this 
invention are formed one by one. In this example, the tetrapod tripheny (amine 
(henceforth TPTE) whose glass transition point (henceforth Tg point) is about 
130 degrees C as a hole transporting bed 3 by about 40nm thickness The 
vacuum evaporationo of that to which Tg point doped the Quinacridone 
compound (Tg point existence is not recognized) of a fluorescent substance as 
an organic luminous layer 4 to the tris (eight quinollnol) aluminum (henceforth 
Alq) which is 170 degrees C is carried out one by one with the degree of vacuum 
of about ten to 6 Torr by about 50nm thickness. 

[0023] And on the organic luminous layer 4, it consists of a metal etc. and the 



cathode (up electrode) 5 which functions as an electron-injection electrode is 
formed. In this example, cathode 5 is aluminum (aluminum) film (100nm in for 
example, thickness) formed by the vacuum deposition which used the mask, and 
as shown in drawing 2 , it makes the stripe configuration prolonged in the 
direction of y so that an abbreviation rectangular cross may be carried out with 
an anode plate 2. For example, the thing of 500-micrometer width efface band- 
like in cathode 5 should be located in a line in the shape of a stripe at intervals of 
50 micrometers. 

[0024] Thus, this organic EL element 100 is a dot-matrix display which 
constitutes the display pixel (original luminescence field) whose field where an 
anode plate 2 and cathode 5 cross and overlap is the portion which should 
perform a luminescence display. An anode plate 2 and cathode 5 overlap and the 
display pixel G of the shape of two or more rectangle consists of drawing 2 . 
[0025] Thus, although this organic EL element 100 is equipped with the electrode 
2 of the couple which counters mutually on a substrate 1 , and the structures 2-5 
which come to arrange the organic luminescent material 4 among five, it has the 
protective layer 6 which covers the organic luminescent material 3 and 4 to the 
outside surface of these structures 2-5, and is further protected from an external 
environment to it. In this example, a protective layer 6 is the alumina (aluminum 
203) film formed by the thickness of about 400nm of the atomic-layer grown 
method (it is called the ALE method the atomic layer epitaxy method and the 
following). 

[0026] In the upper part of the organic luminous layer 4 in which the upper part of 
cathode 5 and cathode 5 are not formed, as shown in drawing 2 (it is not a cross 
section for convenience although hatching has been performed to the protective 
layer 6), the protective layer 6 has covered the latus range rather than the 
membrane formation field (a two-dot chain line illustrates) of the organic 
luminous layer 4, and has protected the organic luminous layer 4 which is a 
ground. Moreover, by forming membranes using the mask made from quartz 
glass etc., as shown in drawing 2 , the membrane formation field of a protective 



layer 6 is set up so that the connection terminal areas 2a and 5a with the external 
circuit (not shown) in an anode plate 2 and cathode 5 may be exposed. 
[0027] In this organic EL element 100, by impressing the direct current voltage 
for a drive which has a predetermined duty ratio between an anode plate 2 and 
cathode 5 by the above-mentioned external circuit, cathode 5 to an electron hole 
and an electron move from an anode plate 2, respectively, these electron holes 
and an electron recombine within the organic luminous layer 4, and fluorescence 
material (this example Quinacridone compound) emits light with the discharge 
energy in the desired display pixel G. This luminescence is taken out from a 
glass-substrate 1 side. 

[0028] By the way, with this operation gestalt, the original composition formed 
using the ALE method which was not performed is adopted by the conventional 
organic EL element in the protective layer 6 which protects the structures 2-5. 
Next, the formation method of this protective layer 6, composition, etc. are stated 
more to a detail. First, one example of the formation method of a protective layer 
6 is described with reference to the flow chart of the process shown in drawing 3 . 
[0029] First, on the glass substrate (glass substrate with organic EL thin film) 1 
with which an anode plate 2, each organic layers 3 and 4, and cathode 5 were 
formed, it fixed using the electrode holder and the mask made from quartz glass 
was put in at the reactor. The reactor was made into the about 40Pa vacuum, 
this glass substrate 1 was heated for about 400 seems of N2 gas with the sink, 
and substrate temperature was stabilized at 100 degrees C. 
[0030] Then, within the raw material bottle, held 28 degrees C and H20 to the 
room temperature (24 degrees C) within the raw material bottle, they were made 
to evaporate under reduced pressure, and TMA (trimethylaluminum) was 
introduced by turns to the reactor by N2 gas (a flow rate is 400sccm(s)) which is 
carrier gas as follows. First, after introducing Evaporation TMA for 0.6 seconds, 
in order to remove superfluous TMA which exists in gaseous phases other than 
the molecule which stuck to the substrate front face, N2 gas was introduced for 
2.4 seconds as purge gas. Then, N2 purge gas was similarly formed for 
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evaporation H20 in the gas installation time for 4.0 seconds (pulse period) for 1.0 
seconds. 

[0031] This TMA introduction -> purge ->H20 introduction -> membranes were 
formed by repeating the cycle of a purge 5000 times (about 1 1 hours). In the 
meantime, the pressure of a reactor is 150-300Pa, and substrate temperature 
was held at 100 degrees C at the heater in a reactor. After membrane formation 
was completed, when neglect cooling was performed and substrate temperature 
became 70 degrees C, carrying out 400sccm introduction of the N2 gas, the 
reactor was made into atmospheric pressure, and the substrate 1 was taken out. 
Thereby, the alumina (aluminum 203) of about 400nm of thickness was obtained 
as a protective layer 6. In addition, it asked for thickness by carrying out 
transverse-electromagnetic (electronic transparency type microscope) 
observation of the cross section of a protective layer 6. 

[0032] Here, about the substrate temperature at the time of membrane formation 
of the protective layer 6 by the ALE method (membrane formation temperature), 
it is desirable to consider as the temperature below Tg point of the organic 
luminescent material 3 and 4 (this example TPTE, Alq) currently formed 
beforehand. This is for crystallization of an organic luminescent material to 
progress, if this membrane formation temperature is higher than this Tg point, 
and for luminous efficiency to fall. By the above-mentioned example, substrate 
temperature was most set as 100 degrees C of about 30-degree-C lows rather 
than 130 degrees C of Tg points of low TPTE in the material currently used for 
the organic luminescent material 3 and 4. 

[0033] Drawing 4 is a graph which shows the result which checked how the 
voltage-brightness property of an element would change with membrane 
formation temperature (substrate temperature). In the time of forming 
membranes at the time of membrane formation temperature forming membranes 
at 100 degrees C, and 130 degrees C (Tg point of TPTE), although a difference 
was hardly accepted, when membranes are formed at 150 degrees C, it turns out 
that the voltage-brightness property has shifted to right-hand side clearly. In 
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process, crystallization of TPTE progresses and this is considered because [ for 
which membrane formation temperature forms a protective layer 6 at 150 
degrees C ] luminous efficiency fell. 

[0034] Next, a important matter is described about the thickness of a protective 
layer 6, composition, processing, the membrane formation equipment in the ALE 
method, etc. 

[0035] The thickness of a protective layer 6 does not ask but is just satisfied 
[ with [thickness of protective layer] book operation gestalt ] of the demand 
characteristics as a protective layer 6. Although, as for reliability, the one where 
thickness is thicker generally becomes high, since membrane formation time is 
long, in membrane formation by the ALE method, it may be thin as long as It is 
the tolerance of a process and a protection property. However, in order to cover 
the foreign matter generated on a ground (structures 2-5) in a process and to 
prevent generating of a pinhole etc., experientially, thickness at least 5nm or 
more is desirable. Furthermore, if it says, 50nm or more is desirable. 
[0036] Moreover, in the ALE method, the organic luminescent material 3 and 4 
can fully be protected from moisture, oxygen, etc. in the atmosphere, without a 
pinhole and a defect occurring that it is thin even if, if even a substrate front-face 
top is pure, since it Is about 1 00%, if the rate of step coverage has the unifomi 
substrate surface coverage of gas. Since total stress of a protective layer 6 can 
be made small by thin-film-izing a protective layer 6, it becomes possible to avoid 
generating of a crack etc. 

[0037] Moreover, what Is necessary is just to prepare the resin film (physical 
damage protective layer) which protects a protective layer 6 from this physical 
damage in the upper part of a protective layer 6, after forming a protective layer 6 
by the ALE method, in order to protect from the physical damage at the time of 
attachment by the scratch (scratching blemish) and product level at the time of 
substrate processing. Drawing 5 is the partial outline cross section showing the 
composition which formed the resin film 7 in above-mentioned organic EL 
element 100. 
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[0038] Here, composition of the resin film 7, the forming-membranes method, 
and thickness are not asked. For example, what is necessary is to form about 
50nm of aluminum 203 as a protective layer 6 according to above-mentioned 
drawing 3 by the ALE method, and just to form about 2 micrometers of 
paraxylene polymers etc. by the vacuum deposition etc. as a resin film 7 after 
that. In addition, as a resin film 7, the film of organic system material, such as 
rubber system material fomned by the spin coat method, screen printing, the 
applying method, etc., an acrylic resin, silicone, and an epoxy system resin, is 
sufficient. In addition, even if it is the membrane formation process (hardening 
processing by the spin coat method etc. is included) of the resin film 7, it is 
desirable that it is below Tg point of the organic luminescent material 3 and 4 too. 
[0039] Although it is required to be able to form membranes by the ALE method 
of course, [composition of protective layer] protective layer 6 is chemically [ can 
form membranes below at Tg point of the organic luminescent material 3 and 4 
as mentioned above, and / physically and ] stable, and if the demand 
characteristics as a protective layer 6 can be satisfied, it will not ask the 
composition. For example, the oxide of a metal or silicon, a nitride, and an acid 
nitride are desirable. 

[0040] Moreover, in choosing a raw material, although the raw material for 
obtaining a protective layer 6 is not asked, either, it is desirable for the 
evaporation temperature of a raw material to be lower than reactor temperature 
and substrate temperature so that the once evaporated material gas may not re- 
condense or it may not re-solidify. Furthermore, if it says, since raw material 
evaporation temperature will be decided from desired gas concentration and a 
desired pressure, the raw material which can refer to the maximum-vapor-tension 
curve of each raw material, and can obtain the capacity which can evaporate at 
low temperature rather than membrane fonmation temperature, and can form 
membranes is desirable. 

[0041] For example, in order to obtain the protective layer 6 of an aluminum 
oxide, membranes can be formed at the reaction of alkyi system metals, such as 



TMA, and TEA (triethylaluminum), DMAH (dimethyl aluminum hydride), and 
alcohols, such as H20, H202, and 02, 03 or CH30H, C2H50H. Moreover, it is 
also possible by introducing the above-mentioned alky! system metal and the 
nitride gas of NHS grade, and making them react mutually to form the protective 
layer 6 which consists of nitrides, such as AIN and AlxOyNz. Moreover, it is also 
possible to form Si02 from the reaction of this evaporation gas and the 
evaporation gas of H20, using SiCI4 as a silicon system material. 
[0042] Moreover, in the ALE method, if reaction efficiency is raised by performing 
UV (ultraviolet rays) irradiation from on a substrate, and activating a chemical 
reaction more, membranes can be formed at low temperature below from Tg 
point of organic materials 3 and 4. In this case, although UV irradiation is anxious 
about degradation of organic materials 3 and 4, since the mask of the 
luminescence field is carried out by cathode 5, there is little influence of UV 
irradiation. 

[0043] Moreover, since the organic luminous layer 4 may be degraded by the 
chemical reaction in membrane formation of a protective layer 6 when forming 
membranes on the organic luminous layer 4, cautions are required. For example, 
when forming the protective layer 6 of an aluminum oxide by the ALE method, 
TMA is a Lewis acid and may make the amount of [ of the organic luminous layer 
4 ] outcrop deteriorate by decomposition etc. depending on the exposure time 
under membrane formation. Furthermore, if H20 also exceeds the extent, it may 
lead to degradation of generating of the field non-emitting light, an increase, etc. 
[0044] For example, since direct ** of the organic luminous layer 4 will be carried 
out at TMA or H20 at the time of ALE membrane formation like organic EL 
element 100 shown in above-mentioned drawing 1 when the organic luminous 
layer 4 is exposed to a front face as a ground of a protective layer 6, it is cautious 
of the pulse period and concentration of TMA or H20 in that case. Moreover, 
even if it forms the degradation protective coat by the ALE method or the other 
technique (vacuum evaporationo, spatter, etc.) in this case by gas which does 
not affect the organic luminous layer 4 on the organic luminous layer 4 



beforehand, it does not interfere. 

[0045] What is necessary is for a protective layer 6 to be made not to be formed 
with masks, such as quartz glass, etc., or just to remove formation of the 
connection terminal areas (electrode takeoff connection) 2a and 5a of the 
cathode (up electrode) 5 of [processing of protective coat] organic EL element 
100, and an anode plate (lower electrode) 2 at a next process as mentioned 
above. These connection terminal areas 2a and 5a are portions joined to wiring 
by methods, such as soldering, at a back process. 

[0046] Here, since what is necessary is just to be able to attain the purpose of 
not making terminal areas 2a and 5a form a protective layer 6 even if the above- 
mentioned mask is not quartz glass, although the quality of the material is not 
asked, the problem which a mask float generates by heat deformation must be 
solved. For example, although the mask made from SUS (stainless steel) with a 
thickness of about 0.2mm is sufficient, it is necessary to pay attention to a mask 
float. 

[0047] In this case, the disposal of applying a pressure from the exterior, or 
dealing with back taper processing etc. at the mask edge so that a mask and a 
substrate may stick, and it being [ gas ] wraparound-hard and carrying out it is 
desirable. Moreover, as long as the thermal resistance of mask material allows to 
substrate temperature, you may form a mask by the applying method, screen 
printing, the spin coat method, etc. using organic system material, such as rubber 
system material and an epoxy resin. 

[0048] Moreover, a protective layer 6 may be formed all over the glass substrate 
1 with which the structures 2-5 were fomied even if it did not use a mask etc., 
Fort Lee SOGURAFU may be performed later, and the protective layer 6 of 
request parts, such as the connection terminal areas 2a and 5a, may be removed 
by wet etching or dry etching. Furthermore, removal of a protective layer 6 may 
use the shot-blasting method, the tape grinding method, etc. 
[0049] In order to prevent degradation of the organic EL element by air opening 
as much as possible, as for the [membrane formation equipment] protective layer 
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6, forming within the same vacuum devices is desirable. For example, if it is 
membrane formation equipment which combines a vacuum deposition method 
and the ALE method, it can form within the same chamber to the structures 2-5 
and a protective layer 6. Moreover, if an element is formed using membrane 
formation equipment equipped with the mechanism which can be conveyed to 
another membrane formation equipment in a vacuum, there is same effect. For 
example, after forming the structures 2-5 in a vacuum evaporation system as well 
as the above, it is also possible to convey to ALE equipment, without carrying out 
air opening, and to carry out ALE membrane formation of the protective layer 6. 
[0050] By the way, according to this operation gestalt, the original composition 
which formed the protective layer 6 which covers the organic luminescent 
material 3 and 4 by the ALE method is adopted as the outside surface of the 
structures 2-5. As mentioned above, since the ALE method uses reacting on the 
front face of an organizer-ed, it can form the film of uniform thicl^ness in 
accordance with the shape of surface type of an organizer-ed. Therefore, the 
protective layer 6 formed by the ALE method is formed as a film of uniform 
thickness, even if a level difference, a foreign matter, etc. exist in the outside 
surface of the structures 2-5. 

[0051] Therefore, according to this operation gestalt, compared with the film 
formed of the conventional CVD etc., the covering nature to the structures 2-5 of 
a protective layer 6 can be raised. And since it can do that the resistance over 
moisture is also good, it can prevent that the field non-emitted light is formed into 
the display pixel G in the structures 2-5 of moisture. 

[0052] Moreover, since the protective layer 6 under it is protected by this resin 
film 7, even if it makes a protective layer 6 thin, the resistance over moisture is 
securable [ with the film ], if the resin film 7 which protects a protective layer 6 is 
formed on a protective layer 6 as shown in above-mentioned drawing 5 . And that 
a protective layer 6 can be made thin can shorten the membrane fomriation time 
of the protective layer 6 by the ALE method, and it can raise a throughput 
[0053] Moreover, as mentioned above, if the temperature at the time of 
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membrane formation of a protective layer 6 is larger than Tg point of the organic 
luminescent material 3 and 4, during membrane formation of a protective layer 6, 
the organic luminescent material 3 and 4 in the structure 2-5 which is a ground 
may crystallize gradually, and luminous efficiency may fall. However, according 
to the gestalt with this desirable operation gestalt mentioned above, in order to 
form the protective layer 6 by the ALE method at the membrane formation 
temperature below Tg point of the organic luminescent material 3 and 4, such a 
problem can be avoided and organic EL element 100 with more high luminous 
efficiency can be offered. 

[0054] Next, although it does not limit, the effect on the covering disposition over 
the structures 2-5 of the protective layer 6 in this operation gestalt is described 
more concretely. The element which closed Si3N4 film (amorphous ****) by the 
thickness of about 2 micrometers by the plasma CVD method as a protective 
layer 6 (X elements, example of comparison conventionally [ above-mentioned ] 
based on an official report), Three kinds of elements of the element (equivalent to 
Y elements and above-mentioned drawing 1 ) which fomned about 400nm of 
aluminum 203 by the ALE method, and the element (equivalent to Z elements 
and above-mentioned drawing 5 ) which formed about 2 micrometers of 
paraxylene polymers in vacuum evaporation© after forming about 50nm of 
aluminum 203 by the ALE method were prepared. In addition, X elements, Y 
elements, and Z elements are elements created on these conditions except [ all ] 
protective-layer 6. 

[0055] The life was compared by the high-humidity/temperature operational test 
about each element of these X, Y, and Z. It was presupposed that a test 
condition is operated within 65 degrees C, and 95% atmosphere of RH. Drawing 
6 is a graph which shows change of the brightness (cd/m2) accompanying the 
operating time at that time (Hr). In addition, according to reduction of 
luminescence area, current was adjusted as measurement-of-luminance 
conditions at this time, and current density was fixed. Y elements (solid line) and 
Z elements (dashed line) have the loose fall of brightness to X elements (dashed 
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line) so that more clearly than drawing 6 . 

[0056] Moreover, drawing 7 is drawing having shown typically the luminescence 
field after a 200-hour operation (1 of the above-mentioned display pixel G) in the 
above-mentioned high-humidity/temperature operational test. It is in an early 
state [ in / each element of X, Y, and Z / on drawing 7 and / in (a) ], and (b) 
shows the state after X 200-hour operations, and (c) shows the state after Y 
elements and Z 200-hour operations. Here, the dark spot D2 which exists in 
drawing 7 (a) originates in foreign matters, such as dust which exists on organic 
luminous layer 4 grade from the first. 

[0057] And in Y from drawing 7 , and Z elements, the coverage of the protective 
layer 6 by the ALE method is good. The increase and advance of a dark spot D2 
(nafnely, field non-emitting light) resulting from the pinhole generated in the dark 
area D1 generated from the edge section of cathode 5 or a protective layer 6 are 
suppressed. As for X elements with the imperfect coverage of a pinhole or the 
edge section, it turns out that the dark area D1 and a dark spot D2 become large 
by the invasion of moisture, and the number of dark spots D1 is increasing. 
[0058] In the (2nd operation gestalt) and time, usually, stress (henceforth a 
tensile stress) whose protective-layer 6 very thing shrinks may occur, and a crack 
(crack) etc. may generate the protective layer 6 formed by the ALE method in a 
protective layer 6. Generating of this crack causes aggravation of the resistance 
over the fall of the covering nature to the structure of a protective layer 6, as a 
result moisture. 

[0059] Here, the stress generated in a protective layer 6 is separable into the 
thermal stress generated by the heat history, and the true stress which film 
original has. Thermal stress is made somewhat small by using the glass 
substrate which contains many alkaline metals, such as soda glass, for a glass 
substrate 1. It is because generating of the stress by the thermal contraction of a 
thin film can be made small by expansion by heating under membrane formation, 
and contraction since these glass substrates have the large coefficient of thermal 
expansion. It is a factor that a volumetric shrinkage occurs in the growth process 
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of a protective layer 6, and the above-mentioned true stress is considered to be 
the main factor of the tensile stress of the above-mentioned protective layer 6 in 
which this true stress was formed by the ALE method. 
[0060] A **** 2 operation gestalt gives the relief function of stress to a protective 
layer 6 that the problem of the stress generated in this protective layer 6 should 
be solved further in addition to the above-mentioned 1st operation gestalt. That is, 
the stress relaxation component for easing stress in the component which 
constitutes a protective layer 6 for a protective layer 6 was made to contain with 
this operation gestalt. 

[0061] For example, the protective layer 6 which consists of aluminum 203 
fonned by the ALE method has a large tensile stress. In this case, in order to 
employ the advantage of ALE efficiently and to lower stress, the tensile stress of 
a protective layer 6 can be reduced by adding an atom or molecules, such as N 
(nitrogen atom), to this protective layer 6 as a stress relaxation component. This 
is because it is thought by addition of a stress relaxation component that the 
crystal structure of aluminum 203 is confused. 

[0062] And formation of the protective layer 6 containing this stress relaxation 
component is possible by using the gas (henceforth stress relaxation gas) 
containing the element component which acts as a stress relaxation component 
with the material gas which constitutes a protective layer 6 at the time of 
membrane formation of the protective layer 6 by the ALE method unlike this 
material gas. 

[0063] For example, what is necessary is just to use the gas of the nitride of NH3 
or N2H4 grade as stress relaxation gas with TMA and H20 which are material 
gas which constitutes a protective layer 6 at the time of membrane formation by 
the ALE method, in order to make N atom as a stress relaxation component 
contain in aluminum 203 by the ALE method. For example, when NH3 is used, 
the following all directions methods can be adopted. 
[0064] TMA introduction -> purge ->H2 0+NH3 introduction (H2 O and NH3 
simultaneous introduction) -> purge -> ** How to form an AlxOyNz film as a 



THIS PAGE Bum (uspto, 



protective layer 6 in the cycle TMA introduction -> purge ->H20 introduction -> 
purge ->TMA introduction -> purge ->NH3 introduction -> purge -> ** Fonn 203 
layers of aluminum, and AIN layers by turns in the cycle Only the method of 
forming the cascade screen of aluminum203+AIN as a protective layer 6 and the 
number of cycles of a request of **TMA introduction -> purge ->H2 0+NH3 
introduction -> purge ->- are repeated. TMA introduction -> purge ->NH3 
Introduction -> next, a purge -> the number repeat of cycles of a request of --, the 
method of fomiing the cascade screen of AlxOyNz+AIN as a protective layer 6. 
[0065] thus, as a protective layer 6 which a stress relaxation component comes 
to contain by the ALE method What consists of a monolayer of an AlxOyNz film 
like the above-mentioned method and the thing to which the laminating of the 
layers which contain a stress relaxation component (N) like the above-mentioned 
method ** was carried out, That is, although protective-layer 6 ail may be 
constituted as a layer which a stress relaxation component comes to contain, the 
laminated structure which carried out the laminating of the layer (AIN) containing 
a stress relaxation component (N) and the layer (aluminum 203) which does not 
contain a stress relaxation component like the above-mentioned method ** is 
sufficient. 

[0066] Herie, although the viewpoint on atomic-layer growth of the AIN thin film by 
the reaction of TMA and NH3 and of a practical membrane formation rate and a 
perfect reaction generally to membrane formation temperature is made desirable 
300 degrees C or more, it does not make a membrane formation rate a problem 
in this invention, but since a reaction may not be uniform, either, low temperature 
is sufficient. That is, the procedure of a cycle is not limited, either. 
[0067] However, if, as for AlxOyNz or AIN, that conductivity is shown also forms 
this directly on cathode 5 depending on the density for a certain reason, 
problems, such as a short circuit between wiring, may be caused. Therefore, as 
for the portion which touches cathode 5 directly, it is desirable to fonn about 1- 
50nm aluminum 203, and to form AlxOyNz and AIN after that. 
[0068] Or it is more desirable to control membrane formation to become less than 
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[ 5wt% ] about N so that conductivity is not shown when AlxOyNz and AIN are 
directly in contact with cathode 5. Although it is simple in the ALE method to 
make concentration of NHS gas small as for the controlling method, the 
installation time (pulse period) of NHS gas per 1 cycle may be shortened, or the 
number of times to introduce may be reduced. 

[0069] moreover, in forming an AlxOyNz film as a protective layer 6 Besides 
making the nitride as TMA, TEA and DMAH, and stress relaxation gas as 
material gas which constitutes a protective layer 6 react Dimethylamino dimethyl 
aluminum (CHS) (2NA12 (CHS)). Dimethylamino diethyl aluminum (CHS) (2NAI2 
(C2H5)), The amino alkyi metal raw material of trimethylamine-ARUAN 
AIHS:N(CHS) 3 grade, You may make it react with these, and H20 and OS grade 
using azide compounds, such as a dimethyl aluminum azide (CHS) (2AINS) and 
a diethyl aluminum azide (C2H5) (2AINS), etc. 

[0070] Next, although not limited, an example verified about the effect of the 
stress reduction etc. is shown about the protective layer 6 containing the stress 
relaxation component concerning this operation gestalt. Only using the glass 
substrate 1, on it, directly, NHS gas was used as stress relaxation gas, and the 
AlxOyNz film as a protective layer 6 was formed in this example of verification. 
Drawing 8 is the flow chart of a process showing the formation method of the 
protective layer 6 in this example of verification. 

[0071] First, the washed glass substrate 1 (S5mmx45mm) was put into the 
reactor. The reactor was made into the about 40Pa vacuum, the substrate 1 was 
heated for about 400 seems of N2 gas with the sink, and substrate temperature 
was stabilized at 1S0 degrees C. Then, within the raw material bottle, held 28 
degrees C and H20 to the room temperature (24 degrees C) within the raw 
material bottle, they were made to evaporate under reduced pressure, and TMA 
was introduced to the reactor by N2 gas (flow rate 400sccm) which is carrier gas. 
Moreover, NHS gas was supplied from the bomb (flow rate lOsccm), and it was 
introduced to the reactor, mixing with N2 dilution gas (flow rate S90sccm). 
[0072] Introduction of the gas to a reactor was performed as follows. First, after 
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introducing Evaporation TMA for 0.6 seconds, N2 gas was introduced for 2.4 
seconds as a purge. Then, similarly, having introduced N2 purge gas for 
evaporation H20 for 0.6 seconds, and membranes v/ere formed by introducing 
N2 purge gas for NHS gas one by one for 2.0 seconds for 1 .0 seconds for 1 .8 
seconds. This TIVIA introduction -> purge ->H20 introduction -> purge ->NH3 
introduction -> membranes were formed by repeating the cycle of a purge 5000 
times. In the meantime, the pressure of a reactor is 150-300Pa, and substrate 
temperature was held at 130 degrees C at the heater in a reactor. 
[0073] After membrane formation was completed, when neglect cooling was 
performed and substrate temperature became 70 degrees C, carrying out 
400sccm introduction of the N2 gas, the reactor was made into atmospheric 
pressure, and the substrate 1 was taken out. Thereby, the AlxOyNz film of about 
430nm of thickness was obtained as a protective layer 6. It was confirmed that 
the composition is the atomic-weight ratio (x:y;z) of aluminum:0:N by RBS 
(Rutherford backscattering method), and is 6:8:1. 
[0074] Moreover, from the defonnation before and behind the membrane 
formation in a glass substrate 1 (the amount of curvatures), as shown in drawing 
9 , it was checked that the stress by this AlxOyNz film is a tensile stress of about 
110 MPa(s). In addition, as shown in drawing 9 , 20aluminum3 film (protective 
layer by the formation method of above-mentioned drawing 3 ) of 400nm of 
thickness formed by the substrate temperature of 100 degrees C and the ALE 
method by TMA+H20 is amorphous, and internal stress shows a tensile stress 
by about 430 MPa(s). That is, according to this example of verification, it has 
checked that the tensile stress generated in a protective layer 6 could be eased 
by adding N which is a stress relaxation component to a protective layer 6. 
[0075] Therefore, according to the organic EL element which applied the 
protective layer 6 containing the stress relaxation component of this operation 
gestatt, the injury on a crack or a protective layer 6 called ablation can be 
prevented, and the covering nature to the structures 2-5 of a protective layer 6 
can be raised more certainly. 



THIS 



[0076] (The 3rd operation gestalt) A **** 3 operation gestalt also realizes the 
protective layer 6 which eased the stress generated in a protective layer 6 as well 
as the above-mentioned 2nd operation gestalt, and reduced the possibility of the 
injuries on a crack etc. Although the above-mentioned 2nd operation gestalt was 
based on the way of thinking of making a protective layer 6 contain a stress 
relaxation component This operation gestalt shall come to carry out the 
laminating of the layer from which the stress which generates a protective layer 6 
inside mutually differs, by it It is comparatively based on the way of thinking of 
considering as the combination of the film (henceforth a stress relaxation film) 
which stress is comparatively low and eases stress for a protective layer 6, and 
the film (henceforth a non-stress relaxation film) which stress is high and cannot 
ease stress easily. 

[0077] It considers as the composition which carried out the laminating of the film 
with which membraneous qualities specifically differ by changing mutually 
membrane fonnation conditions [ in / the ALE method / for a protective layer 6 ]. 
At this time, in a protective layer 6, the composition element of the mutual film 
with which membraneous qualities (stress generated inside) differ may be the 
same, and may be completely different composition. Namely, what is necessary 
is not to ask the raw material of a protective layer 6, and the kind of protective 
layer 6 obtained, but just to be able to make small stress in the protective-layer 6 
whole. 

[0078] The film which has compressive stress (- (minus) is hereafter given to the 
numeric value of stress), and the film which has a tensile stress are combined, or 
films with small stress are combined regardless of compression or hauling, and 
neither the number of layers nor percentage is also asked that total stress should 
just become small from the thing of one layer. When the total stress of a 
protective layer 6 becomes small and forms membranes on the structure 2-5 as a 
result, if neither a crack nor ablation occurs in a protective layer 6, it is good 
owing to the stress generated in a protective layer 6. 
[0079] If it raises as a numeric value, experientially, as for the total stress, it Is 
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desirable that it is -150MPa-150MPa, and if it says further, it will be desirable that 
it is -50MPa-50MPa. Moreover, for example, when the composition element of 
films with which membrane formation conditions differ is the same, it is changing, 
while forming membrane fonnation conditions, such as the rate of flow on 
membrane formation temperature, gas supply volume, and a substrate, and 
although it consists of same composition element mutually, the laminating of the 
film with which membraneous qualities differ is carried out. 
[0080] If the case where aluminum 203 is formed by the ALE method from TMA 
and H20 is taken for an example, the stress relaxation film with which stress was 
reduced rather than what was formed at the usual substrate temperature (for 
example, 100 degrees C) can be fonmed by making substrate temperature 
(membrane formation temperature) into 30 to about 80 degrees C low 
temperature. Furthermore, an installation time may be shortened, the amount of 
supply of H20 which is oxidation reaction gas can be lessened, conversion can 
be reduced, and a stress relaxation film can be formed also in this case. 
[0081] It is better to make [ more ] the amount of supply of TMA than the time of 
the usual substrate temperature, since the amount of adsorption to a substrate 
will fall here if substrate temperature is lowered. If the amount of supply raises 
the temperature of a raw material bottle, it can be increased simply. In this way, if 
membranes are fonmed, an unreacted methyl group and carbon should remain 
mostly in a film, the internal defect should occur, and the stress relaxation film 
with which stress was reduced by it can be formed. 
[0082] Since this internal defect is very microscopic, if even the substrate 
adsorption which is the foundations of ALE membrane formation is ideal, a 
pinhole and step coverage can be guaranteed. It is better to carry out the 
laminating of the still more precise thin film to the upper part or lower part, if the 
reliability of an organic EL element was taken into consideration. In this case, 
what is necessary is to be a 100 to about 140 degrees C elevated-temperature 
field, and just to carry out ALE growth of the substrate temperature continuously 
in a reaction-of-identity furnace. 
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[0083] The thickness or the thickness ratio of each class which were formed on 
these ******** conditions do not ask. IVIoreover, since the number of layers or 
structure are not limited, a stress relaxation film with many internal defects and a 
non-stress relaxation film with few internal defects are combined, and the total 
stress of the protective-layer 6 whole should just become small as a result. 
[0084] Moreover, the protective layer 6 more than two-layer [ by the ALE 
method ] may consist of dissimilar materials. For example, you may combine 
20aluminum3 film and Si02 film. Si02 can be formed by making the gas which 
made the liquid raw material of SiCI4 evaporate, and H20 react. In the 
combination of this raw material, since residual elements, such as CI, increase 
inside the substrate temperature around 100 degrees C, then Si02 film, stress 
can be reduced. 

[0085] Next, although not limited, this operation gestalt is more concretely 
described with reference to each following example of verification (the 1st and 
2nd example of verification). In each [ these ] example of verification, only using 
a glass substrate 1 , a protective layer 6 is directly fomried on it, and the stress 
reduction effect is verified. 

[0086] By the example of the [example of the 1st verification] book, when the 
composition element of films with which the membrane formation conditions in a 
protective layer 6 differ is the same, the example which carried out the laminating 
of the film to which membraneous quality was changed mutually is shown by 
changing membrane formation temperature. Drawing 10 is the flow chart of a 
process showing the formation method of the protective layer 6 In this example of 
verification. 

[0087] The washed glass substrate 1 (35mmx45mm) was put into the reactor, the 
reactor was made into the about 40Pa vacuum, the substrate 1 was heated for 
about 400 seems of N2 gas with the sink, and substrate temperature was 
stabilized at 50 degrees C. Then, within the raw material bottle, held 28 degrees 
C and H20 to the room temperature (24 degrees C) within the raw material bottle, 
they were made to evaporate under reduced pressure, and TMA was introduced 



to the reactor by N2 gas (flow rate 400sccm) which is carrier gas as follows. 
[0088] First, after introducing Evaporation TMA for 0.6 seconds, N2 gas was 
introduced for 2.4 seconds as a purge. Then, N2 purge gas was similarly 
introduced for evaporation H20 in the gas installation time for 2.0 seconds (pulse 
period) for 0.2 seconds. This TMA introduction -> purge ->H20 introduction -> 
membranes were formed by repeating the cycle of a purge 3000 times. In the 
meantime, the pressure of a reactor is 150-300Pa, and substrate temperature 
was held at 50 degrees C at the heater in a reactor. 

[0089] Then, substrate temperature was stabilized at 100 degrees C, carrying out 
400sccm introduction of the N2 gas. Then, membranes were formed by repeating 
the cycle of a TMA introduction -> purge ->H20 introduction -> purge 2000 times 
in the same pulse period as the time of the substrate temperature of 50 degrees 
C. After membrane formation was completed, when neglect cooling was 
performed and substrate temperature became 70 degrees C, carrying out 
400sccm introduction of the N2 gas, the reactor was made into atmospheric 
pressure, and the substrate 1 was taken out. 

[0090] Thereby, 20aluminum3 film whose total thickness is about 320nm was 
obtained as a protective layer 6. Moreover, from the deformation before and 
behind membrane formation of a glass substrate 1 (the amount of curvatures), as 
shown in drawing 1 1 , it was checked that the total stress of the protective layer 
(aluminum203+aluminum 203) 6 of this example is a tensile stress of about 140 
MPa(s), and it has checked that stress has been fallen as compared with 
20aluminum3 film (what was formed at the process of above-mentioned drawing 
3 ) shown in the above-mentioned 1st operation gestalt. 
[0091] Therefore, since according to organic EL element 100 which applied the 
protective layer 6 which is represented by the above-mentioned example of the 
1st verification the protective layer 6 which comes to carry out the laminating of 
the film into which membraneous quality was mutually changed by changing 
membrane formation conditions can be formed even if it is the same material, a 
Stress relaxation film and a non-stress relaxation film can be formed relatively. In 
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the above-mentioned example of the 1st verification, 20aluminum3 film which 
20aluminum3 film previously formed at the substrate temperature of 50 degrees 
C formed behind at a stress relaxation film and the substrate temperature of 100 
degrees C turns into a non-stress relaxation film. 
[0092] And stress can be eased with a stress relaxation film. Moreover, as 
mentioned above, although it tends to become inadequate [ the covering nature 
to the structure ], since the stress relaxation film with many internal defects etc. 
can secure covering nature in the direction of a non-stress relaxation film with 
few internal defects, it is OK about this point. Therefore, the protective layer 6 
which eased the stress generated in a protective layer 6, and reduced the 
possibility of the injuries on a crack etc. can be realized, and the covering nature 
to the structures 2-5 of a protective layer 6 can be raised more certainly. 
[0093] By the example of the [example of the 2nd verification] book, by 
constituting mutually the films from which the membrane formation conditions In 
a protective layer 6 differ from a dissimilar material shows the example to which 
membraneous quality was changed. Drawing 12 is the flow chart showing the 
formation method of the protective layer 6 in this example of verification. The 
washed glass substrate 1 (35mmx45mm) was put into the reactor, the reactor 
was made into the about 40Pa vacuum, the substrate 1 was heated for about 
400 seems of N2 gas with the sink, and substrate temperature was stabilized at 
130 degrees C. 

[0094] Then, SiCI4 and H20 were made to evaporate within a raw material bottle, 
and it introduced by turns to the reactor by N2 gas (flow rate 400sccm) which is 
carrier gas as follows. After introducing evaporation SiCI4 for 1 .0 seconds, N2 
gas was introduced for 2.4 seconds. Then, N2 purge gas was similarly 
introduced for evaporation H20 in the gas installation time for 6.0 seconds (pulse 
period) for 3.0 seconds. This SiCI4 introduction -> purge ->H20 introduction -> 
membranes were formed by having repeated the cycle of a purge 2000 times, 
and Si02 film was formed. 

[0095] Then, substrate temperature was stabilized at 100 degrees C, carrying out 
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400sccm introduction of the N2 gas. Then, TMA and H20 were made to 
evaporate within a raw material bottle, and it introduced by turns to the reactor by 
N2 gas (flow rate 400sccm) which is carrier gas as follows. 
[0096] After introducing Evaporation TMA for 0.6 seconds, N2 gas was 
introduced for 2.4 seconds. Then, N2 purge gas was similarly introduced for 
evaporation H20 in the gas installation time for 2,0 seconds (pulse period) for 0.2 
seconds. This TMA introduction -> purge ->H20 introduction -> membranes were 
formed by having repeated the cycle of a purge 2000 times, and 20aluminum3 
film was formed on Si02 film. After membrane formation was completed, when 
neglect cooling was performed and substrate temperature became 70 degrees C, 
carrying out 400sccm introduction of the N2 gas, the reactor was made into 
atmospheric pressure, and the substrate 1 was taken out. 
[0097] Thereby, the cascade screen of Si02 film of about 70nm of thickness and 
20aluminum3 film of about 160nm of thickness was obtained as a protective 
layer 6. Moreover, from the deformation before and behind membrane fomnation 
of a glass substrate 1 (the amount of curvatures), as shown in drawing 13 , it was 
checked that the total stress of the protective layer (Si02+aluminum 203) 6 is a 
tensile stress of about 50 MPa(s), and it has checked that stress has been fallen 
as compared with 20aluminum3 film (what was formed at the process of drawing 
3 ) shown in the above-mentioned 1st operation gestalt. 
[0098] Therefore, since the protective layer 6 which comes to carry out the 
laminating of the film into which membraneous quality was mutually changed by 
constituting the protective layer 6 more than two-layer [ by the ALE method ] from 
a dissimilar material can be formed according to organic EL element 100 which 
applied the protective layer 6 which is represented by the above-mentioned 
example of the 2nd verification, a stress relaxation film and a non-stress 
relaxation film can be fonmed relatively. 

[0099] SI02 film which 20aluminum3 film previously fonned at the substrate 
temperature of 130 degrees C formed behind at a non-stress relaxation film and 
the substrate temperature of 100 degrees C in the above-mentioned example of 
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the 2nci verification turns into a stress relaxation film, and it is stress with a stress 
relaxation film. And the protective layer 6 which reduced the possibility of the 
injuries on a crack etc. can be realized, and the covering nature to the structures 
2-5 of a protective layer 6 can be raised more certainly. 

[0100] (The 4th operation gestalt) The partial outline cross-section composition of 
organic EL element 200 which starts the 4th operation gestalt of this invention at 
drawing 14 is shown. With each above-mentioned operation gestalt, although the 
protective layer 6 was formed only by the ALE method, it is characterized by this • 
operation gestalt constituting the protective layer 6 formed on the structures 2-5 
from combination of layer (It is called ALE layer) 6a formed by the ALE method, 
and layer (it Is called non-ALE layer) 6b fonmed by different method from the ALE 
method. 

[0101] In this example, non-ALE layer 6b which consists of aluminum 203 
formed of the CVD with an ALE layer 6a and a thickness of several nm - dozens 
of nm which a protective layer 6 becomes from aluminum 203 with a thickness of 
several nm - dozens of nm is stacked by turns. Here, ALE layer 6a is formed in 
right above [ of the structures 2-5 ], non-ALE layer 6b Is formed on ALE layer 6a, 
and the laminating is carried out after that by turns one by one. In addition, in the 
example of illustration, a number of layers does not limit four layers but. 
[0102] Next, the formation method of the protective layer 6 of this operation 
gestalt is described. Drawing 15 is drawing showing the typical composition of 
the membrane formation equipment concerning this operation gestalt This 
membrane formation equipment forms first 20aluminum3 film which is ALE layer 
6a by the ALE method, then forms 20aluminum3 film which is non-ALE layer 6b 
by. CVD within the same equipment 

[0103] 10 is the vacuum chamber of the sealing structure by which partition 
fomriation was carried out from stainless steel etc., and the interior is connected 
with the flueway 11. And the interior of a vacuum chamber 10 is being pulled to 
the vacuum from the flueway 1 1 using the vacuum pumps (a mechanical booster 
pump, rotary pump, etc.) which are not illustrated. 



[0104] The reaction chamber 12 formed in sealing structure with titanium etc. is 
installed in the interior of a vacuum chamber 10. The shutter 13 of the electric 
opening-and-closing formula by which operation control is carried out is formed in 
the wall of a reaction chamber 12 in the control circuit which is not illustrated. 
Take the substrate into a reaction chamber 12 by opening and closing this 
shutter 13, opening adjustment of a shutter 13 adjusts the pressure in a reaction 
chamber 12, or a purge is promoted by opening a shutter 13 fully, 
[0105] Moreover, each pipe lines 14, 15, 16, and 17 which consist of stainless 
steel for supplying TMA gas, H20 gas, and N2 gas into a reaction chamber 12 
etc. are formed. The pipe line 14 is the pipe line (TMA pipe line) of TMA gas, and 
is for introducing TMA gas into a reaction chamber 12. 15 is the pipe line (N2 
gas-piping system for TMA removal) ofNpipe-line 2 gas, and it is used in order to 
pass N2 gas as purge gas for removing the TMA gas which remains, after 
passing TMA gas predetermined time with the TMA pipe line 14. 
[0106] The pipe line 16 is the pipe line (water pipe line) of the H20 gas which is 
reactant gas, and after it passes purge gas by N2 gas-piping system 15 for TMA 
removal, it is for introducing H20 gas into a reaction chamber 12. 17 is the pipe 
line (N2 gas-piping system for water removal) ofNpipe-line 2 gas, and it is used in 
order to pass N2 gas as purge gas for removing the H20 gas which remains, 
after passing H20 gas predetermined time with the water pipe line 16. 
[0107] These TMA(s) pipe line 14, the water pipe line 16, and each N2 gas-piping 
systems 15 and 17 have the bulb and the source of gas supply by which 
operation control is carried out and which are not illustrated by the control circuit 
which is not illustrated respectively, and constitute the adsorption gas supply 
means, the reactant gas supply means, and the purge means, respectively. 
[0108] And the bulb of each pipe lines 14-17 is opened and closed to 
predetermined timing, and in order of TMA, N2 gas (purge gas), H20 gas, and 
N2 gas (purge gas), the gas supply to a reaction chamber 12 is changed, and is 
supplied by turns by it. In addition, the pipe lines 14-17 penetrate a vacuum 
chamber 10 (the penetration section has seal structure), and are connected to 



the reaction chamber 12 by the bolt for connection etc. 
[0109] Moreover, the substrate electrode holder 19 with a heater which carries 
the substrates (glass substrate etc.) 18 in which a thin film is formed is installed 
In the interior of a reaction chamber 12. This substrate 18 is equivalent to the 
glass substrate 1 with which even the structures 2-5 in each above-mentioned 
operation gestalt were formed. The substrate electrode holder 19 can be done 
with what attached the sheath heater so that uniform heating under the metal 
plate which has the area which can carry a substrate 18 might be possible. 
[0110] Furthermore, the substrate electrode holder 19 has the thermocouple 
which is not illustrated for measuring substrate temperature, and it can heat it to 
the temperature of a request of a substrate 18, detecting the measured value of 
this thermocouple by the temperature-control circuit which Is not illustrated. 
Moreover, in order to take a substrate 18 into a reaction chamber 12, 
conveyance of this substrate electrode holder 19 is attained. 
[0111] In this membrane formation equipment, first, installation loading of the 
substrate 18 is carried out at the substrate electrode holder 19 with a heater, and 
it lets a vacuum chamber 10 pass, and conveys in a reaction chamber 12 from 
the portion of a shutter 13. Then, a substrate 18 is heated with the substrate 
electrode holder 19 to the temperature (this example 100 degrees C) of the more 
than in which a desired reaction occurs. 

[01 12] If a substrate 18 reaches desired temperature (for example, 100 degrees 
C), TMA.gas will be sent into a reaction chamber 12 from the TMA pipe line 14. 
In the supply flow rate and the TMA pipe line 14, by controlling suitably the 
degree of opening and closing of the shutter 13 in a reverse side, the ambient 
pressure in a reaction chamber 12 can be kept at about hundreds of Pa, and 
TMA sticks only to a monostromatic at a substrate 18. Then, the TMA gas which 
remains in a reaction chamber 12 from 15 by passingNN2 gas-piping system 2 
for TMA removal gas is removable by making a shutter 13 full open. 
[01 13] Next, H20 gas is sent into a reaction chamber 12 from the water pipe line 
16. In the supply flow rate and the water pipe line 16, by controlling suitably the 



degree of opening and closing of the shutter 13 in a reverse side, the water vapor 
pressure in a reaction chamber 12 can be kept constant, it can be made to be 
able to react with IMA which stuck to the substrate 18, and aluminum 203 can 
be formed. Then, a shutter 13 is made full open andNN2 gas-piping system 2 for 
water removal gas is passed from 17. Thereby, H20 which remains in a reaction 
chamber 12 is removable. 

[01 14] Thus, repeatedly, after fonming ALE layer 6a of the 1st layer, membrane 
formation by the following CVD is started, until it reaches the thickness of a 
request of the membrane formation cycle (TMA introduction -> purge ->H20 
introduction -> purge) by the ALE method. In addition, although membrane 
formation temperature (substrate temperature) in CVD membrane formation is 
made into the same 100 degrees C as the membrane formation temperature by 
the describing [ above ] ALE method, it may not be limited to this and a room 
temperature is sufficient as it. 

[01 15] First, TMA is evaporated and the gas is sent into a reaction chamber 12 
from the TMA pipe line 14. While controlling the amount of the TMA gas, the 
degree of opening and closing of the TMA pipe line 14 and the shutter 13 in a 
reverse side is controlled, and the ambient pressure of a reaction chamber 12 is 
kept at hundreds of Pa or more. If it does so, that TMA sticks to a substrate 18 
will pile up around substrate 18 from the first. 

[0116] Then, without making the above-mentioned shutter 13 full open, and 
pouring nitrogen gas from N2 gas-piping system 15 for TMA removal, H20 is 
evaporated and the gas is sent into a reaction chamber 12 from the water pipe 
line 16. If it does so, from the first, also by the gaseous phase of the substrate 18 
circumference, TMA and H20 can react and a substrate 18 top can form 
aluminum 203. In this way, in a substrate 18, non-ALE layer 6b is formed on ALE 
layer 6a. In such CVD membrane fomnation, since the membrane formation rate 
is quick, it is rare for the hole in a film to be in the middle of membrane formation, 
and to extinguish it, and it can reduce internal stress. 

[01 17] Thus, since the combination of ALE layer 6a formed by the ALE method 
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and non-ALE layer 6b formed by CVD constitutes the protective layer 6 
according to this operation gestalt, the membraneous quality of the mutual layers 
6a and 6b can be changed, and non-ALE layer 6b can be operated as the above- 
mentioned stress relaxation film, respectively by using ALE layer 6a as the 
above-mentioned non-stress relaxation film. 

[0118] Although the internal stress of ALE layer 6a is set to about 430 MPa(s), for 
example by the thickness of 400nm even if it forms membranes at about 100- 
degree C low temperature, it can drop on about -150 Mpas at non-ALE layer 6b 
formed by CVD. Therefore, the total stress of the protective-layer 6 whole which 
consists of a multilayer of ALE layer 6a and non-ALE layer 6b can be dropped on 
the thickness of 400nm at about 150 MPas. 

[0119] Moreover, since non-ALE layer 6b which functions as a stress relaxation 
film becomes a film with many internal defects etc. in a film, it tends to become 
inadequate [ the covering nature to the structures 2-5 ]. However, since 
according to organic EL element 200 of this operation gestalt the covering nature 
of ALE layer 6a which covers right above [ of the structures 2-5 ] the bottom of it 
is good even if the coverage poor section K1 and a pinhole K2 occur in non-ALE 
layer 6b as shown in drawing 16 , the resistance over moisture is satisfactory. In 
addition, drawing 16 is a cross section corresponding to the cross section of the 
portion which does not have cathode 5 in above-mentioned drawing 2 . 
[0120] Therefore, also in this operation gestalt, the protective layer 6 which 
eased the stress generated in a protective layer 6, and reduced the possibility of 
the injuries on a crack etc. can be realized, and the covering nature to the 
structures 2-5 of a protective layer 6 can be raised more certainly. Furthemnore, 
according to this operation gestalt, since a part of protective layer 6 is formed by 
CVD with a quick membrane formation rate, membrane formation time can be 
shortened compared with the case where all of protective layers 6 are formed by 
the ALE method. In addition, a spatter etc. is sufficient as the way the ALE 
methods differ. 

[0121] (The 5th operation gestalt) The partial outline cross-section composifion 



(cross section corresponding to above-mentioned drawing 16 ) of organic EL 
element 300 which starts the 5th operation gestalt of this invention at drawing 17 
is shown. This operation gestalt is what transformed the above-mentioned 4th 
operation gestalt, and makes reverse the order of a laminating of ALE layer 6a 
and non-ALE layer 6b to the structures 2-5 with the 4th operation gestalt. That is, 
as shown in drawing 17 , it is considering as the two-layer structure where non- 
ALE layer 6b was formed in right above [ of the structures 2-5 ], and ALE layer 6a 
was formed on non-ALE layer 6b. 

[0122] Here, an example of the formation method of the protective layer 6 of this 
operation gestalt is described. First, in order to prevent degradation of an organic 
luminescent material by air opening as much as possible, GeO (germanium 
dioxide) with a thickness of 200nm was formed as non-ALE layer 6b by the 
resistance heating vacuum deposition by the same vacuum deposition inside of a 
plane as the thing in which the structures 2-5 were formed. Then, aluminum 203 
with a thickness of 400nm was formed as ALE layer 6a by the ALE method which 
made TMA and H20 raw material like the fomiation method shown on this non- 
ALE layer 6b at above-mentioned drawing 3 . 

[0123] In addition, it may not be what was restricted to GeO as non-ALE layer 6b, 
but inorganic films, such as SiO, LiF, AIF3, etc. in which the vacuum 
. evaporationo in low temperature is comparatively possible, are sufficient. 
Moreover, you may not be the vacuum deposition machine same as membrane 
formation by the non-ALE method as the thing in which the structures 2-5 were 
formed. 

[0124] Moreover, without carrying out air opening, after fonming the structures 2-5 
with vacuum deposition on a glass substrate 1 , with the membrane formation 
equipment which equipped another membrane formation equipment with the 
mechanism in which an element can be conveyed, if non-ALE layer 6b is fonmed, 
the forming-membranes method (the non-ALE method) will not be limited to a 
vacuum deposition, either. For example, after forming from the anode plate 2 to 
the cathode 5 with a vacuum deposition machine, it is also possible to convey to 



a CVD system, without carrying out air opening, and to form Si1-XNX as non- 
ALE layer 6b. 

[0125] IVIoreover, in the case of CVD, the advantage that the membrane 
formation conditions by gas ** etc. are easy to adjust the stress generated in 
non-ALE layer 6b is also employed efficiently. If it becomes what, the 
aluminum203 grade which constitutes ALE layer 6a will be because compressive 
stress, then these tensile stresses and compressive stress offset Si1-XNX and 
injury on a protective layer 6 and prevention of ablation can be aimed at, since a 
tensile stress tends to be shown as mentioned above. 

[0126] Moreover, non-ALE layer 6b is not limited to an inorganic film, and organic 
films, such as a paraxylene polymer and a polyimlde, may be used for it. An 
elastic modulus is a low very much and especially these organic film has the 
advantage that the tensile stress generated in the upper ALE layer 6a 
(aluminum203 grade) can be eased. 

[0127] However, since these organic film has weak polarity, in the ALE method 
on condition of the chemical absorption of reactant gas, on these organic film, a 
film cannot grow easily, or it has the concern to which the adhesion force of the 
interface of an organic film and the film by the ALE method becomes weak. 
Therefore, if it precedes forming ALE layer 6a on the organic film as non-ALE 
layer 6b, it is desirable to use suitable coupling agents, such as a silane coupling 
agent. 

[0128] Moreover, it is that moisture resistance is inferior as non-ALE layer 6b 
compared with an inorganic film as another point in the case of applying these 
organic film feeling uneasy, and that chemical / physical stability is inferior. 
Therefore, in order to prevent property degradation of the organic EL element by 
atmospheric humidity when moving an organic EL element to the equipment for 
membrane formation of ALE layer 6a, and air opening must be carried out at 
once reluctantly, as for the organic film as non-ALE layer 6b at least, it is 
desirable to secure the thickness of about 1 micrometer and to form membranes. 
However, it depends for this thickness on the humidity in time to carry out air 
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opening and the atmosphere. 

[0129] Moreover, in order to avoid that the organic film as non-ALE layer 6b is 
invaded by the material gas when forming ALE layer 6a by the ALE method on it, 
and the damage of material gas arises in the organic luminescent material 
[ directly under ] 3 and 4 of this organic film, as for the organic film as non-ALE 
layer 6b, it is desirable to form membranes in thickness of about 1 micrometer. 
[0130] Thus, according to this operation gestalt as well as the above-mentioned 
4th operation gestalt, since the combination of ALE layer 6a and non-ALE layer 
6b constitutes the protective layer 6, the membraneous quality of the mutual 
layers 6a and 6b can be changed, and non-ALE layer 6b can be operated as the 
above-mentioned stress relaxation film, respectively by using ALE layer 6a as the 
above-mentioned non-stress relaxation film. 

[0131] Moreover, since the covering nature of ALE layer 6a which covers a it top 
is good even if the coverage poor section K1 and a pinhole K2 occur in non-ALE 
layer 6b as shown in above-mentioned drawing 17 , the resistance over moisture 
is satisfactory. That is, the covering nature of a protective layer 6 is secured by 
ALE layer 6a. 

[0132] Therefore, also in this operation gestalt, the protective layer 6 which 
eased the stress generated in a protective layer 6, and reduced the possibility of 
the injuries on a crack etc. can be realized, and the covering nature to the 
structures 2-5 of a protective layer 6 can be raised more certainly. Furthermore, 
also in this operation gestalt, membrane formation time can be shortened 
compared with the case where all of protective layers 6 are fonned by the ALE 
method. 

[0133] (others - operation gestalt) in addition, the hole transporting bed or the 
organic luminous layer as an organic luminescent material are not limited to the 
above-mentioned thing, and can use a well-known material etc. suitably 
Furthemriore, not only a thing but a hole pouring layer, the electronic transporting 
bed, the electron-injection layer, etc. which comes to insert the hole transporting 
bed and the organic luminous layer as an organic luminescent material into inter- 
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electrode [ of a couple ] may exist suitably (these are also equivalent to an 
organic luminescent material). 

[01 34] In short, this Invention is characterized [ main ] by having the protective 
layer 6 formed on the substrate 1 In the electrode 2 of the couple which counters 
mutually, and the organic EL element equipped with the structure which has 
arranged the organic luminescent material 3 and 4 among five by the ALE 
method which covers the organic luminescent material 3 and 4 to the outside 
surface of the stmcture, and a design change is possible for other portions 
suitably. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
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2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the fragmentary sectional view of the organic EL element 
concerning the 1st operation gestalt of this invention. 
[Drawing 2] It is the outline plan of an organic EL element shown in drawing 1 . 
[Drawing 3] It is the flow chart showing an example of the fonmation method of 
the protective layer concerning the above-mentioned 1st operation gestalt. 
[Drawing 4] It Is drawing showing the relation of the membrane formation 
temperature of a protective layer and the voltage-brightness property of an 
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organic EL element by the ALE method. 

[Drawing 5] It is the fragmentary sectional view of the organic EL element which 
prepared the film which protects a protective layer. 

[Drawing 6] It is drawing showing concretely the covering disposition top effect of 

the protective layer in the above-mentioned 1st operation gestalt. 

[Drawing 7] It is drawing showing the depressor effect of the field by the covering 

disposition top of a protective layer non-emitting light. 

[Drawing 8] It is the flow chart showing an example of the formation method of 

the protective layer concerning the 2nd operation gestalt of this invention. 

[Drawing 9] It is drawing showing the stress reduction effect of the protective 

layer in the above-mentioned 2nd operation gestalt. 

[Drawing 10] It is the flow chart showing an example of the formation method of 

the protective layer concerning the 3rd operation gestalt of this invention. 

[Drawing 1 1] It is drawing showing the stress reduction effect of the protective 

layer formed by the formation method shown in drawing 10 . 

[Drawing 12] It is the flow chart showing other examples of the formation method 

of the protective layer concerning the above-mentioned 3rd operation gestalt. 

[Drawing 13] It is drawing showing the stress reduction effect of the protective 

layer fonmed by the formation method shown in drawing 12 . 

[Drawing 14] It is the fragmentary sectional view of the organic EL element 

concerning the 4th operation gestalt of this invention. 

[Drawing 15] It is the block diagram of the membrane formation equipment 

concerning the above-mentioned 4th operation gestalt. 

[Drawing 16] It is the outline cross section showing the covering disposition top 

effect of the protective layer concerning the above-mentioned 4th operation 

gestalt 

[Drawing 1 7] It is the fragmentary sectional view of the organic EL element 
concerning the 5th operation gestalt of this invention. 
[Description of Notations] 

1 [ " A hole transporting bed, 4 / - An organic luminous layer, 5 / - Cathode, 6 / 
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- A protective layer, 6 a-ALE layers 6b / -- 
2 -- An anode plate, 3 



Non-ALE layer. ] - A glass substrate, 
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[Drawing 10] 
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[Drawing 17] 




[Translation done.] 



